The reference conditions of Chlorophyll-a in lakes should be established in order to improve the water quality in these water bodies. A new method using segmental linear regression was developed to estimate the reference condition of Chlorophyll-a. The method can overcome the shortcomings of other methods, such as the quantile-selection-based method, which contains a certain level of subjectivity. The new method was used to estimate the annual reference condition of Chlorophyll-a in Taihu Lake. The log-log segmental regression results indicate that the distribution of specific volume (reciprocal of concentration) of Chlorophyll-a in Taihu Lake had a power-law tail. Both segmental regression and bootstrap approaches show two credible change points in the power-law relationship. This study's analysis shows that the value of 4.4 mg·m À3 was an appropriate annual reference value of Chlorophyll-a in Taihu Lake. Thus, the method would be useful in determining the numerical reference conditions of Chlorophyll-a for other shallow lakes.
INTRODUCTION
Currently, the water quality of lakes remains a serious problem in China. Establishing reference conditions of lakes is important for pollution control. Reference conditions are defined as the conditions of a lake that are the least impacted conditions by humans or considered to be the best water quality in attainable conditions (US EPA a). The numerical reference conditions of nutrients can be quantified as the background value related to nutrients, which generally refer to Total Phosphorus (TP), Total Nitrogen (TN), Chlorophyll-a and Secchi Depth (SD) in lakes (US EPA a, b, ).
The final aim of improving lake water quality is to restore the original state of lakes. Thus, the reference conditions of lake nutrients play a basic role in water pollution control.
It is difficult to find lakes that fit the requirements that To overcome the faults of the aforementioned methods, the US EPA used change-point detection methods to subjectively derive numerical nutrient criteria (US EPA ). Based on the change-point detection methods proposed by the US EPA, in this study, a new method based on the segmental linear regression approach, which is simpler than CART and nCPA, was used to derive the Chlorophyll-a annual reference values of lakes. The method was applied to the distribution of Chlorophyll-a in Taihu Lake, and its power-law relationship with the change points was determined. Moreover, the reference values of Chlorophyll-a in Taihu Lake were discussed and determined based on the change points.
MATERIALS AND METHODS

Data source
Taihu Lake is in the east of China, which is the country's most economically developed region. Taihu Lake is the third largest freshwater lake in China and is located next to the Shanghai metropolis. The area of the lake is approximately 2,445 km 2 , and its average depth is 1.9 m. The population in the Taihu Lake area, whose water supplies rely on Taihu Lake, is approximately 100,000,000 people.
The water quality of this lake has seriously deteriorated in recent decades. Algae blooms often occur in the summer in most areas of the lake (Qin ). The nutrient levels in Taihu Lake have attracted the attention of many scientists because of the lake's key role in water supply, agriculture and fisheries in this region. 
METHODS
The methods were based on linear regression and some pre- Chlorophyll-a observations is calculated as follows:
where L is the total number of observations, and P is the probability. To facilitate the calculation in accordance with power-law calculation, the reciprocal of x should be h.
Then, Equation (1) becomes:
where h can be called the 'specific volume of Chlorophylla' according to the physical definition. Mathematically, the equation implies a specific volume from the left tail of the Chlorophyll-a concentration distribution to its right tail, which is consistent with standard power-law calculation.
The power-law relationship, i.e., the Pareto law, states that P(h) must satisfy the following relation:
where h and γ are constants; h should have a low bound h min that follows the probability density function definition, which is often calculated using the bootstrap method (Efron 
The parameters can be estimated using the ordinary least squares method (OLS). Equation (4) 
ϕ is the value of the change point. Function I is shown in Equation (6):
Equation (5) can be divided into n equations using nÀ1 change points (Table 1 ). The segmental linear regression with two or more change points is easily obtained in this manner. The parameters in Equation (5) can be estimated using extended linear regression, the method of which has been detailed by Muggeo (). After repeated experiments, the number of change points should be two when the results meet the requirements of statistical testing. Table 1 implies that spatial heterogeneity is not a necessary consideration when determining the change points using this method.
RESULTS
The log[P(h)] versus log(h) plot of
The two change points can divide Equation (5) Its numerical difference in three stages was approximately 100% and 50%, which provides sufficient evidence for the presence of change points.
In the segmental regression methods, h min to establish the power-law relationship was determined using the bootstrap method (Efron & Tibshirani ) . The outcome with 5,000 time bootstrap calculations is shown in Figure 4 .
The data for h min were separated into three areas, which implies that there might be two h min and that the two values can be considered change points of the power law.
The analyses of the bootstrap and regression methods confirm one another. The value of 4.4 mg·m À3 is close to the highest frequency value (c ¼ 4.6 mg·m À3 ), which was obtained using bootstrap in area II. In the third area, the highest estimated frequency value of h min using bootstrap was approximately where the Chlorophyll-a concentration was 10.4 mg·m À3 , which is identical to the segmental regression analysis result. Thus, the change point assessment using the regression method is credible. There is a credible power-law relationship with two change points, which had not been previously found in the monthly Chlorophyll-a concentration observations in Taihu Lake.
Discussion on reference conditions Table 2 summarizes the reference conditions of Chlorophylla and nutrients based on the quantile selection method in Taihu Lake.
The quantiles of 5%-25% were all used for Taihu Lake to estimate the reference conditions in quantile-selection-based methods, which led to notably different results, particularly for the reference condition of Chlorophyll-a. The difference between maximum and minimum reference conditions for nutrients was approximately 30%, whereas the difference for
Chlorophyll-a was approximately 230% for different quantiles. . Thus, the larger value is close to the first change point; this result provides additional evidence for using the change points for the numerical reference condition of Chlorophyll-a in Taihu Lake. All of this study's results show that the first change points from the regression are the reference condition of Taihu Lake. Thus, the most suitable reference value of Chlorophyll-a in Taihu Lake is 4.4 mg·m
À3
.
CONCLUSIONS
In this paper, the annual reference value of Chlorophyll-a in Taihu Lake has been calculated based on the change-point detection method with segmental linear regression. The segmental linear regression and bootstrap approach shows a credible power-law relationship with two change points in the monthly Chlorophyll-a concentration observations in 
